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Synopsis 
 
 This thesis deals with smooth discretization schemes and inverse problems, 
the former used in efficient yet accurate numerical solutions to forward models 
required in turn to solve inverse problems. The aims of the thesis include, (i) 
development of  a stabilization techniques for a class of forward problems plagued by 
unphysical oscillations in the response due to the presence of jumps/shocks/high 
gradients, (ii) development of a smooth hybrid discretization scheme that combines 
certain useful features of Finite Element (FE) and Mesh-Free (MF) methods and 
alleviates certain destabilizing factors encountered in the construction of shape 
functions using the polynomial reproduction method and, (iii) a first of its kind 
attempt at the joint inversion of both static and dynamic source parameters of the 
2004 Sumatra-Andaman earthquake using tsunami sea level anomaly data. Following 
the introduction in Chapter 1 that motivates and puts in perspective the work done in 
later chapters, the main body of the thesis may be viewed as having two parts, viz., the 
first part constituting the development and use of smooth discretization schemes in the 
possible presence of destabilizing factors (Chapters 2 and 3) and the second part 
involving solution to the inverse problem of tsunami source recovery (Chapter 4). 
 In the context of stability requirements in numerical solutions of practical 
forward problems, Chapter 2 develops a new stabilization scheme. It is based on a 
stochastic representation of the discretized field variables, with a view to reduce or 
even eliminate unphysical oscillations in the MF numerical simulations of systems 
developing shocks or exhibiting localized bands of extreme plastic deformation in the 
response. The origin of the stabilization scheme may be traced to nonlinear stochastic 
filtering and, consistent with a class of such filters, gain-based additive correction 
terms are applied to the simulated solution of the system, herein achieved through the 
Element-Free Galerkin (EFG) method, in order to impose a set of constraints that 
help arresting the spurious oscillations. The method is numerically illustrated through 
its application to a gradient plasticity model whose response is often characterized by 
a developing shear band as the external load is gradually increased. The potential of 
the method in stabilized yet accurate numerical simulations of such systems involving 
extreme gradient variations in the response is thus brought forth. 
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 Chapter 3 develops the MF-based discretization motif by balancing this with 
the widespread adoption of the FE method. Thus it concentrates on developing a 
'hybrid' scheme that aims at the amelioration of certain destabilizing algorithmic 
issues arising from the necessary condition of moment matrix invertibility en route to 
the generation of smooth shape functions. It sets forth the hybrid discretization 
scheme utilizing bivariate simplex splines as kernels in a polynomial reproducing 
approach adopted over a conventional FE-like domain discretization based on 
Delaunay triangulation. Careful construction of the simplex spline knotset ensures the 
success of the polynomial reproduction procedure at all points in the domain of 
interest, a significant advancement over its precursor, the DMS-FEM. The shape 
functions in the proposed method inherit the global continuity ( 1pC  ) and local 
supports of the simplex splines of degree p . In the proposed scheme, the triangles 
comprising the domain discretization also serve as background cells for numerical 
integration which here are near-aligned to the supports of the shape functions (and 
their intersections), thus considerably ameliorating an oft-cited source of inaccuracy 
in the numerical integration of MF-based weak forms. Numerical experiments 
establish that the proposed method can work with lower order quadrature rules for 
accurate evaluation of integrals in the Galerkin weak form, a feature desiderated in 
solving nonlinear inverse problems that demand cost-effective solvers for the forward 
models. Numerical demonstrations of optimal convergence rates for a few test cases 
are given and the hybrid method is also implemented to compute crack-tip fields in a 
gradient-enhanced elasticity model. 
 Chapter 4 attempts at the joint inversion of earthquake source parameters for 
the 2004 Sumatra-Andaman event from the tsunami sea level anomaly signals 
available from satellite altimetry. Usual inversion for earthquake source parameters 
incorporates subjective elements, e.g. a priori constraints, posing and 
parameterization, trial-and-error waveform fitting etc. Noisy and possibly insufficient 
data leads to stability and non-uniqueness issues in common deterministic inversions. 
A rational accounting of both issues favours a stochastic framework which is 
employed here, leading naturally to a quantification of the commonly overlooked 
aspects of uncertainty in the solution. Confluence of some features endows the 
satellite altimetry for the 2004 Sumatra-Andaman tsunami event with unprecedented 
value for the inversion of source parameters for the entire rupture duration. A non-
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linear joint inversion of the slips, rupture velocities and rise times with minimal a 
priori constraints is undertaken. Large and hitherto unreported variances in the 
parameters despite a persistently good waveform fit suggest large propagation of 
uncertainties and hence the pressing need for better physical models to account for the 
defect dynamics and massive sediment piles.  
 Chapter 5 concludes the work with pertinent comments on the results obtained 
and suggestions for future exploration of some of the schemes developed here. 
 
 
 
 
 
 
 
 
 
